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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

[Claim(s)] - 
[Claim 1] The MIS mold field-effect transistpr characterized by forming the thickness of 
gate dielectric film so that it may change between source drains. 

[Claim 2] The MIS mold field-effect transistor according to claim 1 characterized by 
being formed so that the thickness of . gate dielectric film may become thin at a drain 
edge at least. 

[Claim 3] The MIS mold field-effect transistor according to claim 1 characterized by 
being formed so that the thickness of gate dielectric film may become thick at a source 
edge at least. 

[Claim 4]. The MIS mold field-effect transistor according to claim 1 characterized by 
forming a conductive side wall in a gate electrode and making it the thickness of gat^ 
dielectric film change to it between source drains. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the technique of applying to an MIS 
. mold field-effect transistor (MISFET) component, and planning the improvement in 
dependability of gate length's short MIS mold field-effect transistor with remarkable 
performance degradation and the life extension especially by the hot carrier about an 
effective technique. 
[0002] 

[Description of the Prior Art] Ultra high-speed digital device series "a ultra high-speed 
MOS device" (Baifiikan) As shown in the 259th page and the hot carrier control circuit 
of drawing 6 .34, by resistance division of the electrical potential difference by insertion 
of a dummy component, the electrical potential difference concerning the MIS 
field-effect transistor of a simple substance \vas reduced, and the hot carrier is 
controlled. However, in this circuitry, the maximum of a drain current will also be 



restricted and rapidity falls victim. 
[0003] 

[Problem(s) to be Solved by the Invention] With the MIS field-effect transistor 
component made submicron, since gate length (channel length) is short, the field where 
field strength becomes large near the drain diffusion layer is generated. Thus, the 
carrier which passed through the field where field strength is large obtains high energy, 
and generates the so-caUed hot carrier. Therefore, initial properties, such as a fall of the 
mutual conductance ' of an MIS field-effect transistor and fluctuation of a threshold 
electrical potential difference, are degraded, and the fall of dependability is caused (it 
indicates to the LSI handbook 66 page -67 page of the Ohm-Sha issue for example). 
[0004] It aims at offering the MIS field-effect transistor component which this invention 
was made in view of this situation, controlled degradation by the hot carrier, and made 
dependability high. It will become clear [ about the other purposes and the new 
description ] from description and the accompanying drawing of this specification along 
[ said 1 this invention.. 
[0005] 

[Means for Solving the Problem] It will be as follows if the outline of a tj^pical thing is 
explained among invention indicated in this application. That is, since the MIS 
field-effect transistor of this invention is formed so that the thickness of gate dielectric 
film may change between gate drains, the ease of the ability to do of an inversion layer 

changes. 
[0006] 

[Function] In an MIS field-effect transistor, since it is formed so that the thickness of 
gate dielectric film may change under the gate, as two or more transistors from which 
the threshold electrical potential difference Vth differs were formed seemingly, it acts. 
Therefore, the threshold electrical potential difference Vthl in the thick part of 
thickness becomes high, the field which a pinch-off tends to generate at the time of gate 
voltage impression is also divided into two or more places, and generating of the hot 
carrier which concentrated on one place of a drain edge conventionally, and had been 
generated is reduced. 
[0007] 

[Example] (The 1st example) The 1st example of this invention is hereafter explained to 
a detail with reference to drawing 1 and drawing 2 . Drawing 1 is the sectional view 
showing the structure of the MIS field-effect transistor component 1 concerning this 
invention. Drawing 2 is the sectional view showing the operating state of MISFET when 
a predetermined electrical potential difference is impressed between the source drains 



of this MIS field-effect transistor component.!. As shown in drawing 1 , the gate 
dielectric film 3 under the gate electrode 2 is divided into two fields of the thin (T2) field 
A2 by the side of the thick (Tl) field Al by the side of the source field 6, and the drain 
field 5, and the MIS field-effect transistor component 1 of this invention is formed. Thus, 
by thickening thickness Tl by the side of the source field 6 to the thickness T2 by the 
side of the drain field 5, a difference is made to gate field strength and it conies to have 
the property which cannot be made easily by the source side at a drain side that an 
inversion layer (channel) 7 tends ( drawing 2 ) to be made. 

[0008] If a predetermined electrical potential difference is mipressed between source 
drains and gate applied voltage is raised as shown in drawing 2 , an inversion layer 
(channel), will be first formed in the increase of the gate field strength under the thin 
field of gate dielectric film 3 (A2), and A2 field (7a of drawing 2 ). Furthermore, a rise of 
gate applied voltage forms an inversion layer (channel) also in the bottom of the thick 
field of gate dielectric film 3 (Al) (7b of drawing 2 ). For this reason, with the MIS 
field-effect transistor component of structure, it receives that a pinch-off occurs only 
near a drain, and the field 8 which a pinch-off tends to generate is usually divided. Thus, 
if the field which a pinch-off may generate is distributed by two or more [ under gate 
dielectric film 3 ] (two places), the electrical-potential-difference inclination near the 
drain will be mitigated, generating of a hot carrier will be controlled, degradation from 
the initial property of an MIS field-effect transistor component and the fall of endurance 
will be suppressed, and dependability will also increase. 

[0009] Since it is formed so that the thickness T of gate dielectric film 3 may change 
under the gate (Tl, T2), the thin part A2 of thickness differs in the perpendicular field 
strength at the time of electrical-potential-difference impression from the thick part Al, 
and as explained in full detail above, the MIS field-effect transistor 1 concerning this 
1st example is seeniingly served, as two or more transistors fi:om which the threshold 
electrical potential difference Vth differs (Vthl, Vth2) were formed. Therefore, by 
thickening thickness by the side of the source 6, the threshold electrical potential 
difference VthX in this thick thickness part Al becomes high, and a channel becomes is 
hard to be formed in- this part. Therefore, the field which a pinch-off tends to generate is 
also distributed by two or more places, hot carrier generating which concentrated on one 
place conventionally for this reason, and had occurred is distributed, and degradation of 
an initial property is. prevented. Moreover, since gate dielectric film 3 can maintain 
thickness to the thickness Tl as usual by the source 6 side, neither the increment in 
leakage current nor increase of the parasitic capacitance of a transistor produces it: 
[0010] Drawing 3 to drawing 5 is semiconductor device drawing of longitudinal section 



to show the example of a production process of the MIS field-effect transistor shown in 
drawing 1 . In forming the above-mentioned stair-like gate dielectric film 3, the gate 
dielectric film 9 of a thin part is formed by oxidation of a silicon semi-conductor 
substrate on ** semi-conductor substrate 4. Besides the mask ingredients 10, such as 
silicon nitride (Si3N4), are deposited, pattern NINGU is performed, and the 
semiconductor device cross-section structure shown in drawing 3 is acquired. 
** If a silicon substrate is oxidized again, the oxide film of the part which is not covered 
with a mask ingredient will become thick, and the semiconductoi* device structure 
shown in drawing 4 in which gate dielectric film with a level difference was formed wiU 
be acquired. 

** After that, remove the mask ingredient 10 by etching etc. and deposit the gate 
ingredients 12, such as polycrystalline silicon. 

Patterning of a gate ingredient is performed, a gate electrode is formed, the impurity for 
a source-drain region is introduced, and the MIS field-effect transistor compon.ent 
structure shown in drawing 5 is acquired. 

[0011] Moreover, as shown in drawing 16 , stair-like gate dielectric film can be formed 
also by depositing an insulating material 11 and performing pattern NINGU after 
forming thin gate dielectric film 9 on the semi-conductor substrate 4, 
[0012] Drawing 6 and drawing 7 show the 1st and 2nd modifications of the MIS 
field-effect transistor concerning the 1st example shown in drawing 1 , respectively. 
Among these, the point (this gate electrode 2a becomes stair-like [ that inferior surface 
of tongue ] at least) which drawing 6 formed two steps of gate dielectric film 3 formed 
. stair- like in gate -dielectric -film 3a [ being stair-like (the example of illustration four 
steps) ] which has a still finer level difference in the example of drawing 1 , and formed 
the gate electrode on this differs from the 1st example of the above. By changing the 
thicloiess of gate-dielectric-film 3a to a multistage story like this modification, 
degradation of the initial property of a transistor is further suppressed firom the 1st 
example. In addition, what is necessary is to repeat the process shown in drawing 3 and 
drawing 4 in order to use thickness of gate dielectric film as multistage, and just to 
perform it. . 
[0013] Drawing 7 is the sectional view of the semiconductor device concerning the 2nd 
modification of the 1st example. If it is in the semiconductor device of this 2nd 
modification, it is constituted so that the thickness of gate oxide 3b under gate electrode 
2b may become thin gradually toward the source field 6 side to the drain field 5 side. 
Thus, by changing the thickness of gate -dielectric -film 3b continuously, in the 1st 
example ( drawing 1 ) or the 1st modification ( drawing 6 ), the field which hot carrier 



generating concentrates is lost substantially, and degradation prevention of the initial 
property of the MIS field-effect transistor concerned is achieved. In addition, what is 
necessary is just to use the re flow of the BAZU beak at the time of thermal oxidation of 
a sihcon substrate, or a low melting point ingredient, in order to form such gate 
dielectric film. 

[0014] (The 2nd example) Drawing 8 is the sectional view of the MIS field-effect 
transistor 13 of the 2nd example of this invention. In order to realize the 1st example, . 
the sidewall formation technique of self- alignment is used for the MIS field-effect 
transistor 13 showii in this 2nd example in order to form the level difference of gate 
dielectric film. That is, the gate electrode 14 is constituted fi:om original body of gate 
electrode 14a, and conductive gate sidewall section 14b in which it is prepared in this 
both-sides side, it forms so that the lower limit side of said sidewall 14b may project 
below the lower limit side of body of gate electrode 14a, aiid he is trying to obtain the 
gate dieslectric.film 15 which has a level difference in this MIS field-effect transistor 13. 
The same effectiveness as the 1st example is expectable by considering the MIS 
field-effect transistor 13 as such a configuration. Since the. process to which 
gate-dielectric-film thickness is changed under a gate electrode is iinnecessary, 
application to an MIS field-effect transistor with short gate length is easy for such an 
MIS field-effect transistor, and is effective by high integration of an integrated circuit, 
and improvement in the speed. 

[0015] Drawing 9 and drawing 10 are the **** Figs, showing a process until it forms 
conductive sidewall 14b in the side face of body 14a which makes an original gate 
electrode among the production processes of the MIS field-effect transistor 13 shown in 
the 2nd example of the above and forms the new gate electrode 14. The 
above-mentioned gate electrode 14 is formed in the following procedures. 
** Fkst form gate dielectric film [ being thick (equivalent to the thickness of the thick 
insulator layer of the body 14a bottom) ] 16 in the semi-conductor substrate 4, give back 
pattern NINGU which made the gate ingredient deposit on this, and form gate electrode 
14a. Furthermore, gate dielectric film 16 is etched by using this gate electrode 14a as a 
mask, and the semiconductor device structure shown in drawing 9 is acquired, 
** Make a conductive layer (for example, polish recon layer) deposit on the whole 
surface of the semiconductor device of the structure shown in drawing 9 , perform 
anisotropic etching to this from the upper part, and acquire conductive sidewaU (I4b) 
structure. Thus, since constituted sidewall 14b is conductivity, it collaborates with gate 
electrode 14a, and it functions as a new gate electrode 14. The MIS field-effect 
transistor component structure which introduces the impurity to a source field and a 



drain field into this, and is shown in drawing 10 is acquired. 

[0016] (The 3rd example) It shows the cross section of the MIS field-effect transistor 17 
of the 3rd example which thickened the description by the side of the source field 6 of 
the gate dielectric film 3 of the 1st example (configuration), i.e., gate dielectric film, as 
compared with the conventional object, drawing 11 shortening gate length and attaining, 
high integration. By the source field 6. side, since the thickness of gate dielectric film 18 
is thick, as for this MIS field-effect transistor, reduction of the parasitic capacitance of a 
gate electrode is achievied by generating of leakage current, and the list. 
[0017] The MIS field-effect transistor 17 of this configuration is formed in the following 
procedures. ** Form the thin insulator layer (for example, thermal oxidation film of 
siHcon) 19 in the semi-conductor substrate 4 first, and deposit gate electrode materials,: 
such as a refi-actory metal and silicide, on this. Pattern NINGU of a gate ingredient is 
performed and gate electrode 20a is formed. Next, the structure which thickens the. 
insulator layer of parts , other than gate electrode 20a, and is shown in drawing 12 (only 
thickness of the body of gate electrode 20a bottom is made thin) is acquired by 
performing thermal oxidation of a silicon substrate, or deposition of an insulating 
material. 

** Next, form conductive sidewaU 20b like drawing 10 , perform impurity installation of 
a source drain field and form the MIS field-effect transistor 17 shown in drawing 13 . 
Thus, as for the formed MIS field-effect transistor 17, the configuration of gate dielectric 
film 18, i.e., the lower limit side of the gate electrode 20, becomes stair-like. Since the 
thickness of gate dielectric film 18 is thick by the source field 6 side especially, the 
parasitic capacitance of a transistor can be stopped small and generating of the leakage 
current by the tunnel effect can also be prevented further. Moreover, the fall of a 
transistor current etc. does not arise by introducing an impurity only into the drain side 
of a gate electrode by in plastic ** beforehand in a phase until it acquires the structure 
of drawing 12 . 

[0018] The modification of the 2nd example which shows drawing 14 to drawing 8 , and 
drawing 15 are the modifications of the 3rd example shown in drawing 11 . Pattern 
NINGU of the core of a gate electrode is carried out after side wall formation of each 
creation process, and impurity installation is performed and it is considering as two 
MIS field-effect transistors. In drawing 15 , a core is the source at a drain and drawing 
14 . Moreover, after forming the teinporary ingredient in the core and forming the body 
of a gate electrode, and its sidewall as a sidewall of the duplex to a temporary ingredient 
instead of carrying out pattern NINGU of the gate electrode . core, the same structure is 
realizable by removing a temporary ingredient by etching. 



[0019] Although invention made by this invention above was concretely explained based 
on the example, it cannot.be overemphasized that it can change variously in the range 
which this invention is not Hmited to the above-mentioned example, and does not free 
itself from the summary. Moreover, other various processes are usable, without 
restricting to the manufacture process of instantiation in manufacturing the MIS 
field-effect transistor of each aboye-mentioned example. 

[0020] Although the above explanation explained the case where invention mainly made 
by this invention person was appHed to that background, this invention is not limited to 
it and can be used for a general MIS field-effect transistor. 
[0021] 

[Eflfect of the Invention] It will be as follows if the effectiveness acquired by the t5rpical 
thing among invention indicated in this apphcation is explained briefly. That is, the 
field which a pinch-off tends to generate is also distributed by two or more places, the 
semiconductor device of this invention is served as two or more MOS transistors firom 
which the threshold electrical potential difference Vth differs seemingly were formed, 
since the MIS field-effect transistor was formed so that the thickness of gate dielectric 
film might change under the gate, while generating of the hot carrier which 
concentrated on one drain edge conventionally and had been generated is distributed, it 
is mitigated, and degradation of an initial property is controlled. Moreover, since the 
thickness of the source of gate dielectric film is maintainable to thickness as usual, 
neither generating of leakage current nor increase of the parasitic capacitance of a 
transistor arises. 

[Brief Description of the Drawings] 

[Drawing l] It is the sectional view showing the structure of the MIS fi^ld-effect 
transistor concerning the 1st example of this invention. 

[Drawing 2] It is the sectional view showing the operating state of an MIS field-effect 

transistor when a predetermined electrical potential difference is impressed between 

the source drains of the MIS field-effect transistor of this . invention. 

[Drawing 3] It is the sectional view showing the condition of having carried and carried 

out pattern NINGU of the mask ingredient 10 in gate dielectric film 9 among the 

production processes of the MIS field-effect transistor 1 of the 1st example. 

[Drawing 4] It is the sectional view showing the condition of having performed thermal 

oxidation processing to the semiconductor device shown in drawing 3 , and . having 

formed stair- like gate oxide. 



[Drawing 5] It is the **** Fig. showing the condition that formed the gate electrode after 
removal for the mask ingredient of the semiconductor device shown in . drawing 4 , 
introduced the impurity into the source drain, and the MIS fieldreffect transistor was 
completed. 

[Drawing 6] It is the **** Fig. showing the 1st modification in which the gate oxide of 
the 1st example of this invention was formed to four steps. 

[Drawing 7] It is the sectional view showing the 2nd modification which formed gate 
dielectric film thinly gradually toward the drain side fi:om the source side. 
[Drawing 8] It is the sectional view of the MIS field-effect transistor 13 of the 2ild 
example of this invention. 

[Drawing 9] It is the sectional view showing the condition of having etched by having 
used as the mask the body of a gate electrode which formed gate dielectric film thick to a 
semi-conductor substrate among the production processes of the MIS field-effect 
transistor 13 of the 2nd example, and was formed on this, and having formed thin gate 
dielectric fiulm. 

[Drawing 10] It is the sectional view showing the condition of having deposited the 

sidewall ingredient on the semiconductor device of the structure shown in drawing 9 , 
having performed anisotropic etching, and having formed conductive sidewall structure. 
[Drawing 11] It is the sectional view of the MIS field-effect transistor 17 of the 3rd 
example of this invention. 

[Drawing 12] It is the sectional view showing the condition of having heat-treated by 
having used as the mask the body of a gate electrode which formed gate dielectric film . 
thin to a semi-conductor substrate among the production processes of the MIS 
field-effect transistor 17 of the 3rd example, and was formed on this, and having formed 
thick gate dielectric film. 

[Drawing 13] It is the sectional view showing the condition of having formed the 
conductive sidewall in the semiconductor device of drawing 12 , and having completed 
the MIS field-effect transistor to it. 

[Drawing 14] It is the sectional view showing the modification which separated the gate 
electrode of drawing 8 and formed two MIS fieldreffect transistors. 

[Drawing 15] It is the sectional view showing the modification which separated the gate 
electrode of drawing 11 and formed two IVIIS field-effect transistors. 

[Drawing 16] It is the sectional view showing the modification of the formation 
approach of gate dielectric film other than drawing 4 concerning the 1st example. 
[Description of Notations] 
1, 13, 17 MIS field-effect transistor 



2, 14, 20 Gate electrode 

3, 15, 18 Gate dielectric film 
4 Semi-conductor Substrate 

• 5 Drain Field 

6 Source Field 

7 Inversion Layer (Channel) 

8 Pinch-off Field 

9 19 Thin gate dielectric film 

10 Mask Ingredient 

11, 16, 21 Thick gate dielectric film 

Tl Thick gate oxide 

T2 Thin gate oxide 

Al Thick field of gate dielectric film 

A2 Thin field of gate dielectric film 



[Translation done.] 
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